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(57) ABSTRACT

A method for modifying instances of a repeating pattern in
an 1ntegrated circuit design to correct for perturbations
during rendering 1s described. In the typical embodiment,
these corrections are optical proximity corrections that cor-
rect for optical eflects during the projection of the mask
pattern onto the wafer and/or processing eflects for example
photoresist response and etching eflects. The method com-
prises determining a correction for the repeating pattern
based on a first set of tolerances for features of the repeating
pattern. Then, the suitability of the corrections 1s evaluated
for instances of the repeating pattern 1n the integrated circuit
design based on a second set of tolerances, which 1s different
from the first set of tolerances. This can be used to preserve
much of the hierarchy of the layout data 1in the corrected, or
lithography, data. This can be achieved during the OPC
process, thus avoiding the post OPC compaction. It can
further take advantage of the fact that, for a given physical
layer of a chip for example, diflerent portions of the repre-
senting design polygons typically have different require-
ments on pattern fidelity on the water while perturbations
may vary as a function of field position. By applying
knowledge of the feature tolerances, and allowing design
corrections only when tolerances are not met, the data
explosion that occurs when moving from layout to lithog-
raphy data can be contained without sacrificing accuracy.

52 Claims, 9 Drawing Sheets

For a given repeating pafttern B, apply design corrections to derive
B'c for example j=1, using a firs{ set of feature tolerances and
propagate the comrections to other references/occurrences within
the design.
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Make appropriate design corrections to derive B".and create a
new instance definition and appropriate reference to B in the
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METHOD AND SYSTEM FOR MANAGING
DESIGN CORRECTIONS FOR OPTICAL AND
PROCESS EFFECTS BASED ON FEATURE
TOLERANCES

BACKGROUND OF THE INVENTION

The process of fabricating integrated circuits typically
involves a functional design step, followed by a physical
design step. During the functional design step, a design
concept 1s described using a hardware description language
and 1s then converted into a netlist, which specifies the
clectronic components and the connections between the
components. The physical design step specifies the place-
ment of the electrical components or elements on the chip
and routing of the connections between the electrical com-
ponents thereby implementing the netlist. The physical
design process generates the physical design data, which are
synonymously called layout data, layout, or target layout.

The target layout defines a set of binary patterns or
objects, which are also called “features” or “geometric
teatures”. Usually the objects are represented as a polygon
or collection of polygons in the layout data in order to
tacilitate the specification of the objects.

Each object can be a part of an electronic component such
as a gate of a transistor or a connection between compo-
nents. Each polygon object has vertices and edges joining,
the vertices. Each vertex 1s usually defined by 1ts coordinates
in a Cartesian x-y coordinate system. In a typical very-large
scale mtegrated (VLSI) circuit, most edges are parallel to the
X Or y axis.

Often the physical design data are stored and transmitted
in a machine-readable format such as GDSII format,
OASIS™ format, or in a database such as OpenAccess
database technology or Milkyway™ design database. See,
tor example, OpenAdccess: The Standard API for Rapid EDA
lool Integration, 2003 by Si2, Inc; Milkyway Foundation
Database for Nanometer Design, Synopsys, Inc. 2003.

In these formats or databases, the layouts are often
described hierarchically. This has the advantage of reducing
file s1zes and improving efliciency for certain changes, since
some patterns are placed multiple times i1n the layout.
Repeatedly describing the same structure 1n detail can thus
be avoided.

In the layout hierarchy, a cell 1s a subset of the layout
pattern that can be referenced as a whole object. Thus, cells
can be included in the layout by reference. Inclusions by
reference can further be nested.

Often, the hierarchy of the layout resembles a tree. The
leaves of a tree are attached to its branches. Branches are
attached to larger branches. The hierarchy of branches
continues until the trunk of the tree reaches its roots. Leafl
cells of a circuit are cells that do not include any cells by
reference. A leat cell comprises a set of objects, which are
usually polygons. A child cell 1s included 1n 1ts parent cell.
A root cell 1t 1s not 1included 1n any other. A layout can have
multiple root cells resembling a forest with multiple trees.
And cells can be referenced a number of times within a
single parent cell or by multiple parent cells.

Multiple 1nstances of a cell can be described by a structure
reference or an array reference. A structure reference places

.

an instance (a copy) ol a cell at a particular (X,y)-oflset
within a parent cell. Each instance has transformation infor-
mation, which can often include translation, magmfication,
reflection, and/or rotation. An array relference describes
multiple istances of a cell that are placed on a set of

locations that form a grid or array. The array 1s defined by:
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2

1) a number of rows; 2) a number of columns, 3) row and
column spacings, 4) (X,y) oflset of an instance; and 5) a set
of magnifications, reflections, and rotations that are common
to all cells 1n the array.

If a layout does not have hierarchy, it 1s called flat. A
layout can be flat as per design. Sometimes a hierarchical
layout can be flattened. Flattening a layout means removing
its hierarchical organization by replacing each cell reference
by the set of polygons contained 1n the cell that 1s referenced.

Semiconductor device manufacturing comprises many
steps of patterning layers according to the layout data. A
layer 1s either the substrate of the semiconductor water or a
film deposited on the waler. At some steps, a pattern 1s
ctched mto a layer. At some other steps, 1ons are implanted,
usually 1n a pattern, into the layer. Generally, patterning
comprises: lithography, and etch or implant.

The prevalent form of lithography i1s optical projection
lithography. This involves first making a mask or reticle that
embodies the pattern to be projected onto the waler. An
image of the mask’s pattern 1s then optically projected onto
a photoresist film coated on the wafer. This selectively
exposes photoresist. The latent image 1s then developed,
thereby making a stencil on the water.

Presently, the most common optical lithography projec-
tors are stepper-scanners. These mstruments expose a slit
shaped region, which 1s often 26 millimeters (mm)x8 mm on
the water. The water 1s scanned under the slit by a motorized
stage under mterferometer control. The mask 1s scanned 1n
synchronization with the water but at a higher speed to
account for the reduction of the projector (typically 4x). One
scan typically exposes a 26 mmx33 mm image field. Step-
and-repeat lithography projectors expose the water a field at
a time. A common field size here 1s 22 mmx22 mm. In either
case, many exposure fields are needed to cover the waler.

Other forms of lithography include: mask-less optical
projection lithography where the mask i1s replaced by a
spatial light modulator. The spatial modulator 1s typically an
array of micro-machined mirrors that are 1lluminated and
imaged onto the water. The spatial light modulator 1s driven
by the lithography data. Direct electron-beam writing lithog-
raphy; electron projection lithography, and imprint lithog-
raphy are other forms of lithography.

Modermn semiconductor lithography processes often print
features that are smaller than the exposure wavelength. In
this regime, which 1s called the low-k, regime, the field and
wave nature of light 1s prevalent, and the finite aperture of
the projection lens acts as a low-pass filter of spatial fre-
quencies 1n the image. Thus, 1t may be diflicult for the
projection lens to reproduce the high spatial frequency
components required to reproduce the sharp edges or corners
in polygon objects for example. Also, light entering a mask
opening from one object may impact another shape 1n close
proximity, leading to a complex interaction of the electric
fields of adjacent objects. Thus, the final shapes that are
produced on the watfer will often have rounded corners and
may bulge towards adjacent objects in ways that can impact
the process yield. This resulting image distortion, called
optical proximity eflect, 1s responsible for the most signifi-
cant distortion that arises in the transfer of the mask pattern
onto the wafer.

Another source distortion 1s resist process eflects. Diflu-
sion and loading eflects during resist and etch processing
impact the fidelity with which a pattern can be rendered or
transierred to the wafer.

Optical Proximity Correction (OPC) 1s the process of
changing, or pre-distorting, the target layout data to produce
lithography data so that the pattern that 1s etched in the water
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1s a closer replica of the target layout. The goal of OPC 1s to
counter the distortions caused by the physical patterning
process (see A. K-T Wong, Resolution enhancement tech-
nlques in optical lithography, SPIE Press, Vol. 1147, Bell-
ingham, Wash., 2001; H. J. Levinson, Prmc1ples of thhog-
raphy, SPIE Press, Belhngham,, Wash., 2001). In eflect, the
objects or polygons of the lithograph data are modifications
from those specified by the target layout 1n an effort to
improve the reproduction of the critical geometry. This 1s
often accomplished by moving object edges and by adding
additional objects to the layout to counter optical and
process distortions. These corrections are reqmred to ensure
the intended target design pattern fidelity 1s met improving,
the process window and consequently manufacturing yield.

Application of many resolution enhancement technologies
(RET) can also have the eflect of changing the layout data
relative to the lithography data. RET also addresses distor-
tion 1n the lithography process by pre-compensation. Typi-
cally, RE'T involves implementing a resolution enhancement
technique like insertion of sub-resolution assist features
(SRAF), phase shift enhancement using an attenuated phase
mask, or designing a mask such that includes quartz etching,
to mtroduce phase shifting across features.

In short, the target layout describes the pattern that the
designer desires to render on the water to form the integrated
circuit. It 1s usually different than the pattern that 1s actually
rendered on the integrated circuit, and 1s therefore usually
very diflerent than the pattern submitted to the mask making,
process due to implementations of RET and OPC. Thus, the
target layout, the lithography or mask data, and the pattern
resulting on the water are distinct patterns.

Different techniques are used to simulate the transforma-
tion between the mask pattern and the pattern that 1s formed
in the photo resist. The process for generating the OPC,
RET, and other compensations for a given object or mask 1s
typically an 1terative process involving moving or adding to
the objects, performing a fast simulation to determine 1t the
new objects result 1n a better resist pattern. In model-based
OPC or RET, various process eflects are simulated. Model-
based OPC, for example, 1s a numerically intensive calcu-
lation that transforms the target layout into mask data.

One 1ssue 1s how the OPC, RET, and/or process correc-
tions should be applied to repeating patterns such as
instances of a cell 1 a hierarchical pattern description, such
as 1n a structure reference or an array reference. The distor-
tions usually have an environment and position dependence
across the field of the mask. As a result, repeating patterns
should receive distinct corrections for changes in the envi-
ronment and position.

Typically, corrections are performed once on a repeating,
pattern and these corrections are propagated across all
references or placements of the same pattern. To accommo-
date for field position dependent corrections, each of these
placements needs to be further corrected to achieve the
targeted feature fidelity on the water.

Thus, small differences are possible across diflerent
placements of the repeating patterns. However a result of
this correction approach is that the lithography data are
severely flattened relative to the layout data since different
instantiations for the same repeating pattern from the target
layout are required in the lithography data. As a result large
amounts of data are generated to represent the design
corrections resulting i a larger lithography data output

database.

Others have proposed solutions to this problem. For
example, some seek to retain the original hierarchy after
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OPC by restoring the results of the OPC to the original
hierarchy of the design or with some modifications to
accommodate interactions between parent and child of
neighboring cells. In other cases, 11 the environment 1s
different for a given cell, a new instance 1s created a prior.
The output hierarchy is a collection of all instances that are
distinguished by their interaction with the environment. Still
others have proposed post OPC compaction allowing the
corrections of i1dentical patterns to be the same 1f the
tolerance 1s met for differences in environment.

SUMMARY OF THE INVENTION

The present invention concerns the preservation of much
of the hierarchy of the layout data in the optical proximity
corrected, or lithography, data. This can be achieved during
the OPC, RFET, or process correction process, thus avoiding
the post correction compaction. It can further take advantage
of the fact that, for a given physical layer of a chip for
example, different portions of the representing design poly-
gons typically have different requirements on pattern fidelity
on the water while perturbations may vary as a function of
field position. By applying knowledge of the feature toler-
ances, and allowing design corrections only when tolerances
are not met, the data explosion that occurs when moving
from layout to lithography data can be contained without
sacrificing accuracy in a way that will affect yield. In short,
this invention comprehends a method and system to correct
the layout data taking into account the feature tolerances of
the integrated circuit design.

In general, according to one aspect, the invention features
a method for modifying instances of a repeating pattern in an
integrated circuit design to correct for perturbations during
rendering.

In the typical embodiment, these corrections are optical
proximity corrections that correct for optical eflects during
the projection of the mask pattern onto the wafer and/or
processing eil

ects that aflect how the pattern of the photo-
resist, for example, 1s transierred into the water or layer on
the water. RET corrections can further be included to
address eflorts to improve the resolution of the rendering
process to counter perturbations due to the wave nature of
light.

The method comprises determining a correction for the
repeating pattern based on a first set of tolerances {for
features of the repeating pattern. Then, the suitability of the
corrections 1s evaluated for instances of the repeating pattern
in the mtegrated circuit design based on a second set of
tolerances, which 1s different from the first set of tolerances.

In the typical embodiment, the first set of tolerances 1s a
relatively tight set of tolerances that 1s determined 1n order
to maximize the ability of the repeating pattern’s corrections
to be propagated across the field and waler 1n view of
position dependent perturbations such as due to proximity
cllects, lens aberrations, optical flare and process eflects.
The second set of tolerances 1s usually a tolerance set that
describes the requirement for the repeating pattern at the
particular instance or placement 1n the field. By satisiying
this second set of tolerances, 1t 1s assured that the design
requirements of the integrated circuit design can be met.

In one embodiment, the correction of the instances of the
repeating pattern 1s applied 1f the correction 1s deemed
suitable to thereby create a first set of corrected 1nstances of
the repeating pattern. However, 11 the correction 1s deemed
unsuitable, a different set of corrections are applied to the
instance of the repeating pattern to thereby create a second
set of corrected instances of the repeating pattern. This has
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a result of flattening the design to some degree. However, the
flattening 1s kept to the minimum required to meet the design
constraints.

In one implementation, the correction comprises deter-
mimng changes to the repeating pattern in order to compen-
sate for optical distortions or process distortions during
rendering or add RET modifications. The first set of toler-
ances 1s determined to improve a likelihood that tolerances
will be met for other instances of the repeating pattern;
whereas the second set of tolerances 1s determined based on
a variation of dimensions of features to a maximum varia-
tion due to proximity effects, for example.

Often, to ensure the suitability of the propagated correc-
tions across diflerent instances of the template core, they are
classified based on a deviation i1n the immediate environ-
ment of the instances. The environment can be defined to
include one to two pitches of the actual layout. This typically
translates to a distance of a few hundred nanometers to 20
micrometers from the repeating pattern. In other applica-
tions, however, the environment further includes the entire
diffraction radius of influence. In addition, the suitability of
the correction can be assessed based on the expected devia-
tion 1n pattern perturbations based on the field position to
address field position dependent effects such as lens flare or
aberration and pupil 1llumination non-uniformities. Distor-
tions are also introduced by the mask exposure and post
exposure processes. These include but are not limited to
proximity eflects, fogging and mask etch loading.

In the preferred embodiment, a model based correction
method 1s used where 1n the model represents the process
and optical behavior of the mask and waler manufacturing
and the imaging system and can predict the distortions 1n the
waler results to estimate the appropriate design correction.

In general, according to another aspect, the mvention
features a method for modilying instances ol a repeating
pattern 1n an integrated circuit design to correct for pertur-
bations during rendering. The method comprises determin-
ing a correction for the repeating pattern and then evaluating
a suitability of the correction for instances of the repeating
pattern 1n the integrated circuit design based on a set of
tolerances.

The corrections are applied to the instances of the repeat-
ing pattern 1f deemed suitable to thereby create a first set of
corrected instances of the repeating pattern. However, 1f the
corrections are deemed unsuitable, a different correction 1s
applied to the instances of the repeating pattern to thereby
create a second set of corrected instances of the repeating
pattern.

The advantage of this method 1s that the layout flattening
1s controlled during the OPC process. At each instance, the
suitability of the corrections 1s determined, and 11 the cor-
rections are deemed unsuitable, new instances are created, as
necessary. This avoids the requirement for post OPC com-
paction and trying to rebuild the hierarchy after OPC has
been performed for the entire design.

In general, according to another aspect, the mvention also
features a computer software product for applying correc-
tions to an integrated circuit design to compensate for
perturbations occurring ifrom the rendering of the integrated
circuit design. The product comprises a computer readable
medium, such as a disk or other medium for transierring
program 1nstructions. The program 1nstructions are stored
and when read by a computer cause the computer to deter-
mine a correction for a repeating pattern 1 an integrated
circuit design based on a {first set of tolerances for features
of the repeating pattern. Then, the suitability of the correc-
tions 1s evaluated for instances of the repeating pattern in the
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integrated circuit design. This suitability evaluation 1s based
on a second set of tolerances, which 1s different from the first
set of tolerances.

In general, according to still another aspect, the invention
features a system for modilying instances ol a repeating
pattern 1n an integrated circuit design. This system com-
prises a data store, such as a disk or disk array that stores the
integrated circuit design. A compute resource i1s further
provided. This can be a workstation, computer, and/or
multi-/parallel processing machine that determines a correc-
tion for the repeating pattern based on a first set of tolerances
for features of the repeating pattern. It then evaluates a
suitability of the correction for instances of the repeating
pattern in the integrated circuit design based on a second set
of tolerances, which 1s different from the first set of toler-
ances.

In general, according to still another aspect, the invention
features a system for modifying instances of a repeating
pattern 1n an integrated circuit design. The system comprises
a data store for storing the integrated circuit design and a
compute resource that determines a correction for the repeat-
ing pattern and then evaluates a suitability of the correction
for instances of the repeating pattern 1n the integrated circuit
design based on a set of tolerances. The correction 1s applied
to the instances of the repeating pattern 1f the correction 1s
deemed suitable to thereby create a first set of corrected
instances of the repeating pattern. However, 11 the correction
1s deemed unsuitable, a diflerence correction 1s applied to
the instances of the repeating pattern to thereby create a
second set of corrected instances of the repeating pattern.

The above and other features of the mvention including
various novel details of construction and combinations of
parts, and other advantages, will now be more particularly
described with reference to the accompanying drawings and
pointed out 1n the claims. It will be understood that the
particular method and device embodying the invention are
shown by way of illustration and not as a limitation of the
invention. The principles and features of this invention may
be employed in various and numerous embodiments without
departing from the scope of the mvention.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings, reference characters refer
to the same parts throughout the different views. The draw-
ings are not necessarily to scale; emphasis has instead been
placed upon 1illustrating the principles of the imvention. Of
the drawings:

FIG. 1 1s a schematic diagram illustrating an integrated
circuit design as rendered on a wafer;

FIG. 2 schematically illustrates the hierarchy of the target
layout data specitying the integrated circuit design,

FIG. 3 illustrates an exemplary cell or repeating pattern
within the integrated circuit design;

FIG. 4 1illustrates a corrected version of the cell or
repeating pattern of the integrated circuit design;

FIG. 5 illustrates the hierarchy of the lithography data
alter its transformation from the layout data;

FIG. 6 1illustrates the tolerances or critical dimensions
associated with the exemplary cell or repeating pattern of the
integrated circuit design illustrating the imitial tolerances
(1n1t) and the subsequent instance-specific tolerances (n)
according to the present mvention;

FIG. 7 A illustrates the distribution of the corrected repeat-
ing pattern, template core, across the field according to the
invention;
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FIG. 7B illustrates the distribution of the corrected repeat-
ing pattern or template core across the field and specifically
within zones of the field according to the present invention;

FIG. 8 1llustrates the relationship between the repeating
pattern or template core and the surrounding regions that
may 1mpact the rendering of the template core due to optical
proximity or process ellects;

FIG. 9 1s a flow diagram illustrating the method for
modifying instances of a repeating pattern according to the
present mvention; and

FIG. 10 1llustrates a system for modifying instances of a
repeating pattern and computer software product, according,
to the present invention.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(L]

FIG. 1 1illustrates the schematic arrangement of multiple

chips within a field and the multiple exposures of the field
across a waler.

Specifically, in the design, the root cell often exists at the
level of the chip or field F. Within the field there may be
multiple placements of chips or functional structures within
chips such as chip-level cells Chip 1, Chip 2, Chip 3. Within
cach of these child cells Chip 1, Chip 2, Chip 3 are repeating
patterns. These repeating patterns are oiten repeated many
times within each chip Chip 1, Chip 2, Chip 3 at diflerent
coordinates. The patterns are often also rotated, retlected,
and possibly scaled at each placement. In one case, the
repeating patterns are consolidated across the field for a field
wide correction based on tolerances. In another aspect,
corrections are incorporated within a single chip based on
field position and propagated to other chips within the field,
which contain the same repeating patterns and their suit-
ability verified and modifications appropriately incorporated
as described 1n this invention. This approach of template
core generation and consolidation across the chip 1s gener-
ally described mm U.S. Pat. Appl. No. 10/935,067, entitled
Method and System for Semiconductor Design Hierarchy
Analysis and Transformation, by Vishnu Govind Kamat,
filed on an even date herewith, which application being
incorporated herein 1n 1ts entirety by this reference.

FI1G. 2 1llustrates the organization of the layout data of an
exemplary circuit design for a chip. Specifically, the layout
data are often organized in a hierarchy in which a root cell,
for example, 1s provided. This root cell A may reference one
or more chip or unit level cells A, B, C. Each of these child
cells A, B, C 1n turn references their own repeating patterns
D, E, which can also be other chip level cells, see B, C.

In the example, repeating patterns D and E are distributed
within the chip mstances A, B, C. Further, it 1s also possible
that cell A reference similar level cells such as B and C.

FIG. 3 illustrates an exemplary repeating pattern. In the
illustrated embodiment, the repeating pattern at this layer 1n
the lierarchy 1s referred to as a template core. Often, these
are repeating structures within a chip that perform a com-
mon function such as bit level cells within the array of a
memory chip. These template core repeating patterns have
specific tight tolerances owing to their required functional-
ity. They are often repeated a large number of times within
cach chip level cell.

It 1s not common that a polysilicon layer 1s decomposed
into gate, interconnect polysilicon, and landing pad regions
into different cells. For example, 1n the illustrated embodi-
ment, gate regions 110-1, 110-2, are located relative to an
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active region 112. Further, interconnect polysilicon traces
114 connect the gate regions to a landing pad 116 1n the
illustrated example.

This template core must be corrected to compensate for
optical proximity and process related perturbations by
applying an optical proximity correction.

FIG. 4 illustrates an exemplary corrected template core
B_. Specifically, hammerhead line end corrections 118-1,
118-2, have been added to the polysilicon traces 126-1,
126-2 extending from the gates 110-1, 110-2. Further, serit
corner corrections 120-1, 120-2 have been added to the
polysilicon trace 114 at the concave corners. Further, an
additive serif 124 has been further provided to prevent
rounding of an outside, also called convex, corner. Additive
serifs 122-1 and 122-2 have also been added to improve the
fidelity to which the landing pad 116 1s reproduced.

FIG. 5 1llustrates the hierarchy of the corrected, lithogra-
phy data. Specifically, a root level cell references the chip
level cells A, B, C. In the example, different corrected
versions ol cell B and C are present, being i1dentified as
corrected cells B, . ., and C, and C,. Similarly, corrected
versions of cells D and E are present, being identified as
corrected cells D, and D, and E, and E,, respectively.

A problem arises, however, 11 these corrections are propa-
gated across the entire field and to the different instances of
the template core level repeating patterns. The effect of
various perturbations 1s field and environment dependent. As
a result, some distinct corrections may be required 1n order
to maintain the required tolerances across the field or meet
different tolerances for the various instances of the repeating
pattern, template core level cells.

FIG. 6 1illustrates various tolerances associated with the
template core repeating pattern B. Specifically, two sets of
tolerances are defined according to the invention: an 1nitial,
propagating tolerance, init, and tolerances associated with
the various instances of the repeating pattern B, n.

For example, the gate width may be a critical dimension
in which the variation in the dimension 1s indicated by +m.
The interconnect critical dimension i1s further important but
a certain deviation ol ze, 1s acceptable for the design.
Finally, the increased dimensional tolerances may be asso-
ciated with the landing pad 116 such that as indicated by +w.

According to the invention, a first set of tolerances are
associated with each of these features. m,, .. €. .. and o, ..
These mitial or propagating tolerances are usually defined
by reference to the tightest set forth for the repeating pattern
in 1ts various instantiations across and throughout the field
A. It 1s usually a collection of the tightest feature tolerances
for the various 1nstantiations of the template core repeating
pattern B.

These 1nitial tolerances are set to improve the likelihood
that tolerances will be met for other instantiations of the
repeating pattern regardless of field position or variation in
surrounding features. Often, the initial or propagating tol-
cerances are much tighter than corresponding tolerances
associated with any specific instantiation n. Thus, 1, ., 1S
tighter than tolerance m, for instantiation n of the repeating
pattern at some given location within the field. €, ., 1s tighter
than €, and w,, ., 1s tighter than tolerance w,,.

FIG. 7A illustrates the corresponding propagation of the
corrections to the various instances of the repeating pattern
C within the field F. It shows that as the template core
repeating pattern C 1s distributed 1n the field, the suitability
of the corrections of the template core 1s evaluated at each
instantiation. At each case, 1t 1s determined whether or not
the corrected template core will meet the tolerances associ-

ated with that instantiation and based on variation i1n that
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instantiation’s surrounding environment. Some 1nstances,
the original corrected version C ' will be valid. However,
where the corrections will not be suitable to meet the
requirements of the integrated circuit design, turther correc-
tions to the base correction as illustrated in FIG. 5 may be
required. This leads to the instantiation of a new version of
the corrected template core C" .

FIG. 7B illustrates another embodiment in which the
corrected instantiations of the template core C are propa-
gated to regions within the field F. Specifically, 1n region 1,
better reproduction {fidelity may be achievable due to
reduced position and environmental induced perturbations.
As a result, the original corrected versions of template core
C' may be adequate for region 1. However, 1n the exterior
region of the field region 2, further corrections may be
required to the template core C leading to version C".

FIG. 8 1illustrates an alternative method for determining
the suitability providing for a coarse level classification of
the template core for the various instantiations based on the
extended template core environment.

Specifically, within the template core C, for each instan-
tiation of the template core C, variation may occur within an
extended template core region 210 and further into the
diffraction radius of influence 212. The various instantia-
tions of the template cores C at locations within the field are
aflected by the nature of the surrounding designs.

As a result, one can define these template cores as a
function of the environmental variation either within the
extended template core region 210, corresponding to usually
less than 4 design pitches and typically 1 to 2 design pitches,
and further into the entire diffraction radius of influence 212.
In these areas, design corrections vary along the boundary of
the template core significantly 1f this immediate neighbor-
hood has significant variation. Extended template core fea-
tures can be compared and a metric for the similarity
calculated. The similanity 1s extracted from within the
extended template core region and between unknown can-
didates. The template cores can then be classified and
according to thus and the corrections propagated to within
the classifications. Usually prototypical cores are selected
based on environment so that flattening 1s minimized. After
propagation of the corrections, however suitability at each
placement 1s still determined.

FIG. 9 1s a process diagram 1illustrating the process for
modilying instances ol a repeating pattern in an integrated
design according to the present invention.

Specifically, in step 310 for a given template core B,
design corrections are applied to B for an example instance
for an exemplary instantiation. Specifically, a first set of
feature tolerances are determined. Often these feature tol-
erances are set forth based on the tightest tolerances required
for the instantiation across the entire integrated circuit
design.

These corrections are then propagated to the other instan-
tiations of the repeating pattern and references within the
integrated circuit design. Then, for each of these other
instantiations, the design corrections are evaluated based on
a second set of associated feature tolerances in step 314.
Sometimes these are the tolerances associated with the
various instantiations of the repeating pattern, especially i
the pattern 1s located on a critical path, for example. In some
cases, the tolerances for the repeating pattern will change
between the various instantiations. In other instances, the
location of the repeating patterns within the field, or features
surrounding the repeating patterns will have a different
impact on the rendering of those repeating patterns. Spe-
cifically, these factors may be used in evaluating the suit-
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ability of the initial correction 1n step 312. In a preferred
embodiment, the evaluation of the suitability of the mitial
correction 1s achieved using a model based simulation where
in the model predicts the process and optical eflects of the
rendering system.

In some embodiments, propagation of the corrections 1s
prioritized based on the tolerances. Specifically, corrections
are applied across the chip/field based on the first set of
tolerances without consideration to position but considering
environment and based on associated tolerances. The fea-
tures with highest tolerances are corrected first without
taking 1nto account position dependent factors and generat-
ing new 1nstances only 1if tolerances are not met. This 1s
followed by corrections to the low tolerance features and
making the additional corrections and generation of new
instances as needed. This approach 1s generally described 1n
U.S. patent application Ser. No. 10/860,852 filed on Jun. 4,

2004, which 1s imncorporated herein 1n 1ts entirety.

FIG. 10 1llustrates the typical manner 1n which the present
invention 1s applied to the target data.

The target layout data 50 are stored 1n a data store such as
a storage device or disk drive. The data are then accessed by
a compute resource 720, such as a workstation computer.
Often, this computer 720 1s a multiprocessor/parallel pro-
cessing computer or a distributed network of computers
units. These types of computers are required because of the
computationally intensive nature of OPC and other pertur-
bation modeling and the size of the target data set.

The computer 720 receives a program 1implementing the
inventive method for correcting position-dependent distor-
tions 1n patterning of integrated circuits, such as on disk 725.

The resulting optical proximity corrected lithography data
56 are stored in a data storage device. Then, the data are
appropriately fractured to a format acceptable to the writing
tool and transmitted to and/or accessed by a mask writing
tool, which then uses the fractured mask lithography data to
generate the mask.

Alternatively, the lithography data are used to drnive a
direct-write device such as a lithography tool with a spatial
light modulation system.

While this invention has been particularly shown and
described with references to preferred embodiments thereof,
it will be understood by those skilled in the art that various
changes 1 form and details may be made therein without
departing from the scope of the invention encompassed by
the appended claims.

What 1s claimed 1s:

1. A method for modifying instances of a repeating pattern
in an integrated circuit design to correct for perturbations
during rendering, the method comprising:

determiming a correction for the repeating pattern based
on a first set of tolerances for features of the repeating
pattern;

cvaluating a suitability of the correction for instances of
the repeating pattern in the integrated circuit design
based on second set of tolerances, which 1s tighter than
the first set of tolerances; and

applying the correction to the instances of the repeating
pattern i1 the correction 1s deemed suitable.

2. A method as claimed in claim 1, wherein:

the step of applying the correction to the instances of the
repeating pattern if the correction 1s deemed suitable
includes creating a first set of corrected mstances of the
repeating pattern; and
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if the correction 1s deemed unsuitable, a diflerent correc-
tion 1s applied to the instances of the repeating pattern
to thereby create a second set of corrected istances of
the repeating pattern.

3. A method as claimed in claim 1, wherein the step of
determining the correction comprises determining changes
to the repeating pattern 1 order to compensate for optical
distortions.

4. A method as claimed in claim 1, wherein the step of
determining the correction comprises determining changes
to the repeating pattern 1n order to compensate for process
distortions during the rendering.

5. A method as claimed 1n claim 1, wherein the first set of
tolerances 1s determined to improve a likelihood that toler-
ances will be met for other instances of the repeating pattern.

6. A method as claimed 1n claim 5, wherein the second set
ol tolerances 1s determined based on a variation of dimen-
sions of the features due to a maximum vanation due to
proximity eflects.

7. A method as claimed in claim 1, wherein the step of
evaluating the suitability of the correction for the instances
1s performed based on deviation 1n an environment of the
instances.

8. A method as claimed in claim 1, wherein the step of
evaluating the suitability of the correction for the instances
includes simulating distortions from optical proximity
cllects at the instances.

9. A method as claimed 1n claim 1, wherein the step of
evaluating the suitability of the correction for the instances
1s performed based on deviation 1n a field position of the
instances.

10. A method as claimed in claim 1, wherein the step of
cvaluating the suitability of the correction for the instances
1s performed based on a diffraction radius of influence for
the 1nstances.

11. A method as claimed 1n claim 1, wherein the step of
evaluating the suitability of the correction for the instances
1s performed based features within a region about the
instances including 4 or less pitches of the integrated circuit
design.

12. A method as claimed in claim 1, wherein the step of
evaluating the suitability of the correction for the instances
1s performed by reference to zones within a field such that
corrections are propagated to instances within the zones.

13. A method as claimed in claim 1, wherein the step of
determining the correction comprises determining the cor-
rection for the repeating pattern for a zone within a field; and
wherein the step of evaluating the suitability of the correc-
tion for instances i1s based on the second set of tolerances,
which 1s associated with the instances.

14. A method as claimed 1n claim 1, wherein the pertur-
bations include optical proximity effects.

15. A method as claimed 1n claim 1, wherein the pertur-
bations include process effects.

16. A method for modifying imstances of a repeating
pattern 1n an itegrated circuit design to correct for pertur-
bations during rendering, the method comprising;

determining a correction for the repeating pattern based

on a first set of tolerances;

cvaluating a suitability of the correction for mnstances of

the repeating pattern in the integrated circuit design
based on a second set of tolerances, which 1s tighter
than the first set of tolerances:

applying the correction to the instances of the repeating

pattern i1 the correction 1s deemed suitable to thereby
create a first set of corrected instances of the repeating
pattern; and
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11 the correction 1s deemed unsuitable, applying a different
correction to the instances of the repeating pattern to
thereby create a second set of corrected 1nstances of the
repeating pattern.

17. A method as claimed 1n claim 16, wherein the first set
of tolerances 1s determined to improve a likelihood that
tolerances will be met for other instances of the repeating
pattern.

18. A method as claimed 1n claim 17, wherein the second
set of tolerances 1s determined based on a vanation of
dimensions of the features due to a maximum variation due
to proximity etlects.

19. A method as claimed 1n claim 16, wherein the step of
determining the correction comprises determining changes
to the repeating pattern in order to compensate for optical
distortions.

20. A method as claimed 1n claim 16, wherein the step of
determining the correction comprises determining changes
to the repeating pattern 1n order to compensate for process
distortions during the rendering.

21. A method as claimed 1n claim 16, wherein the step of
evaluating the suitability of the correction for the istances
1s performed based on deviation in an environment of the
instances.

22. A method as claimed 1n claim 16, wherein the step of
evaluating the suitability of the correction for the instances
includes simulating distortions from optical proximity
cllects at the instances.

23. A method as claimed 1n claim 16, wherein the step of
evaluating the suitability of the correction for the instances
1s performed based on deviation in a field position of the
instances.

24. A method as claimed 1n claim 16, wherein the step of
evaluating the suitability of the correction for the instances
1s performed based on a diffraction radius of influence for
the 1nstances.

25. A method as claimed 1n claim 16, wherein the step of
cvaluating the suitability of the correction for the instances
1s performed based objects within a region about the
instances including 4 or less pitches of the integrated circuit
design.

26. A method as claimed 1n claim 16, wherein the step of
evaluating the suitability of the correction for the istances
1s performed by reference to zones within a field such that
corrections are propagated to instances within the zones.

27. A method as claimed 1n claim 16, wherein the step of
determining the correction comprises determining the cor-
rection for the repeating pattern for a zone within a field; and
wherein the step of evaluating the suitability of the correc-
tion for instances 1s based on the second set of tolerances,
which 1s associated with the instances.

28. A method as claimed 1n claim 16, wherein the per-
turbations include optical proximity eflects.

29. A method as claimed 1n claim 16, wherein the per-
turbations include process eflects.

30. Computer-readable media on which a computer soft-
ware product 1s stored, the software product for applying
corrections to an mtegrated circuit design to compensate for
perturbations occurring from rendering the integrated circuit
design, the product comprising a computer-readable
medium 1 which program instructions are stored, which
instructions, when read by a computer, cause the computer
to determine a correction for a repeating pattern in the
integrated circuit design based on a first set of tolerances for
features of the repeating pattern and then evaluate a suit-
ability of the correction for instances of the repeating pattern
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in the integrated circuit design based on second set of
tolerances, which 1s tighter than the first set of tolerances.

31. Computer-readable media as claimed 1n claim 30,
wherein the instructions provide for the determination of the
correction for the repeating pattern by determiming changes
to compensate for optical distortions during the rendering.

32. Computer-readable media as claimed 1n claim 30,
wherein the 1nstructions provide for the determination of the
correction for the repeating pattern by determiming changes
to the repeating pattern 1n order to compensate for process
distortions during the rendering.

33. Computer-readable media as claimed 1n claim 30,
wherein the first set of tolerances 1s determined to improve
a likelihood that tolerance will be met for other instances of
the repeating pattern.

34. Computer-readable media as claimed in claim 30,
wherein the second set of tolerances are determined based
on a variation of dimensions of the features due to a
maximum variation due to proximity effects.

35. Computer-readable media as claimed 1n claim 30,
wherein the evaluation of the suitability of the corrections 1s
performed based on a deviation in an environment of the
instances.

36. Computer-readable media as claimed 1n claim 30,
wherein the evaluation of the suitability of the corrections 1s
performed based on a diffraction radius of influence for the
instances.

37. Computer-readable media as claimed in claim 30,
wherein the evaluation of the suitability of the corrections 1s
performed by reference to zones within a field such that
corrections are propagated to instances within the zones.

38. A system for modilying instances of a repeating
pattern 1n an integrated circuit design, the system compris-
ng:

a datastore storing the integrated circuit design; and

a compute resource that determines a correction for the

repeating pattern based on a first set of tolerances for
features of the repeating pattern and then evaluates a
suitability of the correction for instances of the repeat-
ing pattern 1n the integrated circuit design based on
second set of tolerances, which 1s tighter than the first
set of tolerances.

39. A system as claimed 1n claim 38, wherein the compute
resource determines the correction for the repeating pattern
by determining changes to compensate for optical distor-
tions during the rendering.

40. A system as claimed 1n claim 38, wherein the compute
resource determines the correction for the repeating pattern
by determining changes to the repeating pattern 1n order to
compensate for process distortions during the rendering.

41. A system as claimed 1n claim 38, wherein the first set
of tolerances 1s determined to improve a likelthood that
tolerance will be met for other instances of the repeating
pattern.

42. A system as claimed 1n claim 38, wherein the second
set of tolerances are determined based on a variation of
dimensions of the features due to a maximum variation due
to proximity effects.
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43. A system as claimed 1n claim 38, wherein the evalu-
ation of the suitability of the corrections 1s performed based
on deviation 1n an environment of the instances.

44. A system as claimed 1n claim 38, wherein the evalu-
ation of the suitability of the corrections 1s performed based
on a diflraction radius of influence for the instances.

45. A system as claimed 1n claim 38, wherein the evalu-
ation of the suitability of the corrections 1s performed by
reference to zones within a field such that corrections are
propagated to 1nstances within the zones.

46. A system for modifying instances of a repeating
pattern 1n an integrated circuit design, the system compris-
ng:

a datastore storing the integrated circuit design; and

a compute resource that determines a correction for the
repeating pattern based on a first set of tolerances and
then evaluates a suitability of the correction for
instances ol the repeating pattern in the integrated
circuit design based on a second set of tolerances,
which 1s tighter than the first set of tolerances, the
correction 1s then applied to the instances of the repeat-
ing pattern 1f the correction 1s deemed suitable to
thereby create a first set of corrected instances of the
repeating pattern, and, 1f the correction 1s deemed
unsuitable, a different correction 1s then applied to the
instances of the repeating pattern to thereby create a
second set of corrected instances ol the repeating
pattern.

4'7. A system as claimed 1n claim 46, wherein the compute
resource determines the correction for the repeating pattern
by determiming changes to compensate for optical distor-
tions during the rendering.

48. A system as claimed 1n claim 46, wherein the compute
resource determines the correction for the repeating pattern
by determining changes to the repeating pattern in order to
compensate for process distortions during the rendering.

49. A system as claimed in claim 46, wherein the set of
tolerances are determined based on a varnation of dimen-
sions of the features due to a maximum variation due to
proximity eflects.

50. A system as claimed 1n claim 46, wherein the evalu-
ation of the suitability of the corrections 1s performed based
on a deviation in an environment of the instances.

51. A system as claimed 1n claim 46, wherein the evalu-
ation of the suitability of the corrections 1s performed based
on a diffraction radius of influence for the instances.

52. A system as claimed 1n claim 46, wherein the evalu-
ation of the suitability of the corrections 1s performed by
reference to zones within a field such that corrections are
propagated to 1nstances within the zones.
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